The present investigation reports the possible protective effect of β-carotene against hepatic lesions induced in male albino rats due to γ-irradiation. 48 male albino rats were divided into three main groups; the first group served as control (12 rats). Rats of the second group (18 rats) were exposed to a sub-lethal dose of whole body γ-irradiation and then divided into three equal subgroups. The rats of the third main group (18 rats) received 5mg/kg body wt of β-carotene at a daily oral dose for 2 consecutive weeks, and were then subjected to whole body γ-irradiation at sub-lethal single dose level of 6Gy (Gray). This group was then divided into three equal subgroups. The rats were autopsied at three intervals; one week, two weeks and four weeks post irradiation. The obtained data revealed that γ-irradiation-induced different histological changes in the liver of irradiated rats. These changes varied from haemorrhage, congestion in blood vessels, pyknosis and necrosis as well as complete degenerated areas in the liver. Electron micrographs recorded swollen mitochondria, fragmented endoplasmic reticulum, distorted nuclei and cell membrane and lipid infiltration in the hepatocytes of irradiated animals. The treatment with β-carotene (5 mg/ kg body wt for two consecutive weeks) pre-exposure to radiation attenuated most of these changes. Therefore, the present study has concluded the potential use of β-carotene dissolved in corn oil as a radio protector.
INTRODUCTION
The adverse effects of γ-irradiation on the structure of different organs, including liver of experimental animals and human have been documented by many authors (Furuse et al., 2005 and Guryev, 2005) . Ionizing radiation application to normal tissues results in fibrosis which is perhaps the most universal effect of radiation. In liver, radiation-induced late injury is histologically characterized by a loss of parenchymal cells (hepatocytes) and the distortion of the lobular architecture which is accompanied by both pericentral and periportal fibrosis (Geraci et al., 1992) .
Electron microscopy of the liver of dogs exposed to chronic gamma-radiation demonstrated early changes in the hepatocyte structure at a relatively low dosage (Bespalova et al., 1979) . Zavodnik et al. (2003) reported histological changes and alterations in biochemical parameters in liver of whole body gamma-irradiated rats. They added that gamma-radiation stimulated proliferation of the hepatocytes and induced time-dependent mitochondrial structural lesions of the hepatocytes; cytoplasmic vacuolization, and enhanced the number of lysosomes and of lipid inclusions. Radiotherapy is often used to treat patients with unresectable advanced hepatocellular carcinoma, where hypoalbuminemia, hyperbilirubinemia and ascites were important hepatic adverse events that develop after radiotherapy (Furuse et al., 2005) .
Radio protective compounds are of importance in clinical radiation therapy, because normal tissues should be protected against radiation injury, when using higher doses of radiation (Nair et al., 2004) . Vitamins are one of the several pharmacological compounds that could act as radio protectors or curative agents to damaging effects of radiation exposure (Kafafy, 2000) . Nair et al. (2004) reported that, administration of tocopherol monoglucoside (water-soluble glycosylated derivative of vitamin E) immediately after exposure to gamma-radiation can protect normal tissues against radiation-induced damage in mice. In addition, Satyamitra et al. (2001) declared that the high water solubility and effectiveness of tocopherol monoglucoside favour its administration as a likely candidate for protection in case of accidental exposures. Thus, the present study was designed to investigate the histological and ultra structural changes in the liver induced by gamma-radiation of male rats. Also, an evaluation of the role of β-carotene as radio protective agent was carried out.
MATERIALS AND METHODS
The experimental animals were 48 male albino rats (Rattus norvegicus) with average body wt of 100-130 g, and were purchased from the Egyptian Organization for Vaccine and Biological Preparations at Helwan. They were allowed two weeks preexperimentation period to be adapted to the laboratory conditions. Food and water were supplied daily ad libitum. Rats were subsequently divided into three main groups; the first one (12 rats) served as control. Rats of the second group (18 rats) were subjected to whole body γ-radiation at a sub-lethal single dose level of 6 Gy and then divided into three equal subgroups where the first subgroup was sacrificed after one week, the second after two and the third after four weeks of irradiation. Rats from the third main group (18 animals) received orally a dose of 5 mg/ kg body wt. β-carotene daily for 2 consecutive weeks according to El-Habit et al. (2000) and were then subjected to whole body γ-rays at a sub-lethal single dose level of 6Gy. This group was then divided into three equal subgroups; the first subgroup was sacrificed after one week, the second after two and the third sacrificed after four weeks of exposure. Whole body γ-irradiation was performed using 137 Cesium Biological γ-cell-40 irradiation facility belonging to National Center for Radiation Research and Technology (NCRRT), Atomic Energy Authority (AEA). Whole body γ-irradiation was delivered for the necessary calculated time for the sub-lethal dose level of 6Gy (single dose). The dose rate was equal to 0.908 rad/ sec. The material used in the present investigation as a protective agent was β-carotene; this was manufactured by Fulka Co. Switzerland. It was diluted with corn oil at reasonably dilute concentration. The liver of control and treated animals were dissected out and washed in saline to remove the blood then cut into pieces and put in fixatives for routine histological evaluation, the tissues were fixed in 10% buffered formalin (Lillie, 1954) , dehydrated in an ascending series of ethyl alcohol and embedded in paraffin wax (melting point 56 o C). Sections (5-7µ thickness) were stained with haematoxylin and eosin and mounted in thin film of Canada balsam (Harris's, 1900). For electron microscopic examination tissue blocks were fixed in 4% glutaraldehyde in 0.2M sodium cacodylate buffer, post fixed in 2% osmium tetroxide in 0.3M sodium cacodylate, dehydrated in ethyl alcohol and embedded in an Araldite-Epon (EM Bed 812) Weakley (1981) . Sections were examined using a transmission electron microscope (JEM 100X CX) at NCRRT.
RESULTS

Histological Studies
Liver sections of control rats showed the common characteristic lobular organization; each lobule is formed of radially arranged cords of hepatocytes that extend from the central vein. The hepatic cords are separated by narrow blood sinusoids lined with two types of cells, endothelial (with thin, small, rod-like nucleus) and von-Kupffer cells (containing oval dense nuclei). The hepatocytes are large spherical cells with spherical nuclei and prominent deeply stained nucleoli (Fig. 1 ).
Liver sections of rats' one week post γ-irradiation (6Gy) revealed different histopathological alterations. These alterations were manifested as dilatation and congestion in blood vessels and appearance of inflammatory cells. The hepatocytes showed vacuolated cytoplasm and often with nuclei. Blood sinusoids were dilated (Fig. 2) . Two weeks post gamma-irradiation liver sections exhibited an increase in the above mentioned effects. Blood vessels were congested, more dilated and infiltrated with inflammatory cells. Blood sinusoids showed also dilatation, and hepatocytes revealed pyknotic nuclei (Fig. 3) . Moreover, necrotic hepatocytes were encountered in different areas of the liver tissue. Four weeks post γ-irradiation; rat liver sections displayed more pronounced deleterious histological changes (Fig. 4 & 5) . Hepatocytes were completely degenerated and increased numbers of fibrocytes were found within the tissues. Furthermore, in necrotic areas, haemorrhage, obvious dilatation of blood vessels and blood sinusoids and invasion of both endothelial and Kupffer cells were noticed. The pre-treatment of rats with β-carotene for two weeks before exposure to γ-radiation attenuated the deleterious effects of radiation. Liver sections of these rats one week post irradiation revealed mostly normal hepatocytes with noticeable increase of endothelial and Kupffer cells within the tissues (Fig. 6 ). Yet, dilated blood vessels disrupted lining and dilated blood sinusoids were mostly still evident.
Two weeks post γ-irradiation the liver of rats pre-treated with β-carotene exhibited improvement of the hepatocytes in different parts of the tissues while the lymphocytic infiltration and appearance of large number of macrophages were still detected (Fig.  7) . Also, pyknosis and necrosis were observed and few fibrocytes were found in different parts of the hepatic tissue. Slightly protective effect of β-carotene administered before γ-irradiation could be detected four weeks post irradiation. Many of the hepatocytes appeared normal and haemorrhage disappeared. Nevertheless, other hepatocytes were abnormal with either pyknotic or karyolytic nuclei (Fig. 8) . Also, few of fibrocytes, slightly dilated blood vessels and dilated blood sinusoids were noticed.
Ultra Structural Studies
The ultra structure of a normal hepatocyte is presented in figure 9 . Electron micrographs showed ultra structural changes in different hepatocyte's components after one, two and four week's of exposure to the single dose of 6Gy gammaradiation. Electron micrographs of the hepatocytes after four weeks of exposure to γ-radiation revealed focal degeneration of cytoplasmic matrix accompanied by lipid droplets of variable sizes. Also, nuclear lesions were observed as ill-defined electron translucent nuclei with ruptured membrane and irregular outer boundary. Micro coagulation of chromatin material with its migration to the nuclear periphery and fenestration of the nucleoli were noticed (Fig. 10 ). In addition, the blood sinusoids exhibited prominent dilatation and cell membranes in some cells were ruptured (Fig.  10 ). Swollen mitochondria with rupture or loss of its cristae were mostly prevailing in the hepatocytes after one, two and four weeks of exposure. Also, fragmentation of the endoplasmic reticulum was commonly detected where those encountered suffered vesiculation and rupture of lamellae and also, Golgi bodies were undistinguishable and detached ribosomes, which were particularly accumulated around mitochondria, were a common feature as shown in ( Fig. 11) . Ultra structurally, the treatment of rats with β-carotene for two weeks before exposure to γ-radiation minimized most of the injuries noticed in the hepatocytes of rats exposed to radiation only. Regular round nuclei, normal nuclear membrane and normal mitochondria were displayed in the hepatocytes of rats treated with β-carotene and then exposed to gamma-radiation. These improvements were noticed even four weeks post gamma-radiation exposure (Fig. 12) . Also, the cell membrane of the hepatocytes probably exhibited normal appearance with developing desmosomes in most of the cells and these cells showed lesser numbers of lysosomes (Fig. 13) . Regeneration in the rough endoplasmic reticulum and obvious decrease in the lipid droplets were the most prominent features of the hepatocytes (Fig. 14) . Meanwhile, some swollen mitochondria and fragmented endoplasmic reticulum were still found in different hepatocytes ( Fig.13 and 14) .
RESULTS
Histological Studies
Liver sections of control rats showed the common characteristic lobular organization; each lobule is formed of radially arranged cords of hepatocytes that extend from the central vein.
The hepatic cords are separated by narrow blood sinusoids lined with two types of cells, endothelial (with thin, small, rod-like nucleus) and von-Kupffer cells (containing oval dense nuclei).
The hepatocytes are large spherical cells with spherical nuclei and prominent deeply stained nucleoli (Fig. 1) . Liver sections of rats' one week post γ-irradiation (6Gy) revealed different histopathological alterations. These alterations were manifested as dilatation and congestion in blood vessels and appearance of inflammatory cells. The hepatocytes showed vacuolated cytoplasm and often with nuclei. Blood sinusoids were dilated (Fig. 2) . Two weeks post γ-irradiation liver sections exhibited an increase in the abovementioned effects. Blood vessels were congested, more dilated and infiltrated with inflammatory cells. Blood sinusoids showed also dilatation, and hepatocytes revealed pyknotic nuclei (Fig. 3 ) Fig. 3 . Photomicrograph of liver of an albino rat irradiated with a single dose of 6Gy after 2 weeks from the exposure showing dilated blood sinusoids (thick arrows), dilated blood vessel (DB) and necrosis (N). (H/E. X 400).
Moreover, necrotic hepatocytes were encountered in different areas of the liver tissue. Four weeks post γ-irradiation; rat liver sections displayed more pronounced deleterious histological changes (Fig. 4 & 5) . Hepatocytes were completely degenerated and increased numbers of fibrocytes were found within the tissues. Furthermore, in necrotic areas, haemorrhage, obvious dilatation of blood vessels, blood sinusoids and invasion of both endothelial and Kupffer cells were noticed. The pre-treatment of rats with β-carotene for two weeks before exposure to gamma-radiation attenuated the deleterious effects of radiation. Liver sections of these rats one week post irradiation revealed mostly normal hepatocytes with noticeable increase of endothelial and Kupffer cells within the tissues (Fig. 6 ) Yet, dilated blood vessels disrupted lining and dilated blood sinusoids were mostly still evident. Two weeks post γ-irradiation the liver of rats pre-treated with β-carotene exhibited improvement of the hepatocytes in different parts of the tissues while the lymphocytic infiltration and appearance of large number of macrophages were still detected (Fig. 7&8) . Also, pyknosis and necrosis were observed and few fibrocytes were found in different parts of the hepatic tissue. Slightly protective effect of β-carotene administered before γ-irradiation could be detected four weeks post irradiation.
Many of the hepatocytes appeared normal and haemorrhage disappeared. Nevertheless, other hepatocytes were abnormal with either pyknotic or karyolytic nuclei, or few of fibrocytes, slightly dilated blood vessels and dilated blood sinusoids were noticed (Fig.8) 
Ultra Structural Studies
The ultra structural of a normal hepatocyte is presented in (Fig. 9) . Electron micrographs showed ultra structural changes in different hepatocyte components after one, two and four week's of exposure to the single dose of 6Gy gamma-radiation. Electron micrographs of the hepatocytes after four weeks of exposure to gamma-radiation revealed focal degeneration of cytoplasmic matrix accompanied by lipid droplets of variable sizes. Also, nuclear lesions were observed as ill-defined electron translucent nuclei with ruptured membrane and irregular outer boundary. Microcoagulation of chromatin material with its migration to the nuclear periphery and fenestration of the nucleoli were noticed (Fig. 10) . In addition, the blood sinusoids exhibited prominent dilatation and cell membranes in some cells were ruptured (Fig. 10 ). Swollen mitochondria with rupture or loss of its cristae were mostly prevailing in the hepatocytes after one, two and four weeks of exposure.
Also, fragmentation of the endoplasmic reticulum was commonly detected where those encountered suffered vesiculation, rupture of lamellae, also Golgi bodies were undistinguishable and detached ribosomes, which were particularly accumulated around mitochondria, as a common feature as shown in (Fig. 11) . Ultrastructurally, the treatment of rats with β-carotene for two weeks before exposure to γ-radiation minimized most of the injuries noticed in the hepatocytes of rats exposed only to radiation. Regular round nuclei, normal nuclear membrane and normal mitochondria were displayed in the hepatocytes of rats treated with β-carotene and then exposed to gamma-radiation. These improvements were noticed even four weeks post gamma-radiation exposure (Fig. 12) . Also, the cell membrane of the hepatocytes probably exhibited normal appearance with developing desmosomes in most of the cells and these cells showed lesser numbers of lysosomes (Fig. 13) . Fig. 13 . Electron micrograph of hepatocyte section of an albino rat after treatment with beta-carotene for 2 weeks, then irradiation with single dose of 6Gy after 4 weeks from the radiation exposure, showing an intact cell membrane between 2 hepatocytes, decrease of lysosomes (Ly) and desmosome can be seen (thick arrow). (X 6000).
Regeneration in the rough endoplasmic reticulum and obvious decrease in the lipid droplets were the most prominent features of the hepatocytes (Fig. 14) .
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Fig. 14. Electron micrograph of hepatocyte section of an albino rat after treatment with beta-carotene for 2 weeks, then irradiation with single dose of 6Gy after 4 weeks from the radiation exposure, showing improvement in the hepatocytes; normal mitochondria (M) and regeneration in the endoplasmic reticulum (E). Round shape nucleus with regular nuclear membrane were found. (X 6000).
Meanwhile, some swollen mitochondria and fragmented endoplasmic reticulum were still found in different hepatocytes (Figs.13 and 14) .
DISCUSSION
The present results revealed that, the liver of gamma-irradiated rats exhibited varying lesions that included congestion, dilatation in blood vessels, haemorrhage, vacuolation and necrobiotic changes in the hepatocytes. In addition, the increase in lymphocyte infiltrations and fibrocytes were demonstrated. Similar results were documented by many authors on different experimental animals exposed to gammaradiation (Yarmonenko, 1998 , Zavodnik et al., 2003 and Guryev, 2005 . Degeneration and necrosis of the hepatic cells following exposure to radiation could be explained according to the suggestion of Ritter (1977) who reported that liver cell necrosis may be either due to progressive degenerative action of intracellular enzymes of the injured cells or to a metabolic disturbance and inhibition of synthesis needed of DNA and hence protein synthesis for the growth and maturation of the liver. It is well established that most of the physiological activities in the animal body are disturbed after exposure to ionizing radiation. These disturbances are either due to the direct harmful effects of irradiation on the biological systems or indirect effect of free radicals liberated in the body after irradiation (Hagen, 1989) . Also, Geraci and Mariano (1993) suggested that radiation-induced alterations of a nonparenchymal cell population in liver might have been responsible for fibrosis which led to hepatocytes loss. Exposure to doses of ionizing radiation is associated with physiopathological changes. These changes differ in their severity according to the radiosensitivity and responses of individual organs and tissues (Yarmonenko, 1998) . The present findings indicated that the effects of gamma radiation on the liver of male rats increased at the fourth week post exposure than after one or two weeks. In coincidence, Geraci et al. (1992) reported that, it is frequently a dose-limiting complication; this late complication has been viewed as the delayed expression of radiation injury, which follows several weeks to months after radiation. Electron microscopy showed that whole body irradiation induced different ultrasturctural changes in the hepatocytes of treated rats. These changes were represented as swollen and ruptured mitochondria, fragmentation of the endoplasmic reticulum, nuclear damage and lipid infiltration in the cytoplasm. The aforesaid alterations in the liver tissue showed similarity and conforms those recorded by several authors, with various experimental animals exposed to radiation (Nasr et al., 1993 , Zavodnik et al., 2003 and Hussein et al., 2005 . Swollen or hydropic mitochondria delineated in the concurrent study may be due to the entry of water which can be engendered by agent that produce cell damage (Ghadially, 1983) . Fragmentation or vesiculation of the endoplasmic reticulum observed in the present work is due to ingress of water and solutes into the cell due to dysfunction of the cell membrane permeability that may lead to dilatation and vesiculation of the endoplasmic reticulum (Nasr et al., 1993) . The cytoplasmic vacuolation observed in the liver cells as a result of exposure to radiation could be explained partly by inhibition of fat mobilization from the liver as discussed by Schenker (1975) . Other authors are of the opinion that cytoplasmic vacuolation is most probably brought about by the increase of lysosome elements (El-Banhway et al., 1993). Ongoing trials for protection from gamma radiation effects by using chemicals or other means are still of interest to many radiobiologists, to achieve less toxic substances with maximum protecting action against radiation effects (Eissa and Moustafa, 2001 ). Vitamins are one of the several pharmacological compounds that could act as radio protectors or curative to damaging effect of radiation exposure (Kawaski and Sakarai, 1969 and Kafafy, 2000) . The present results showed that the treatment of rats with β-carotene dissolved in corn oil for two weeks prior to gamma irradiation could attenuate the adverse effects of radiation exposure. Most of the histopathological lesions observed after gamma-irradiation disappeared to a large extent; where the normal architecture of the liver was restored, whereas, few fibrocytes, slight dilated blood vessels and blood sinusoids were still found. Also, similar results were obtained with electron microscopy. The mitochondria, endoplasmic reticulum, cell membrane and nuclei were mostly normal. However, Zavodnik et al. (2003) concluded that the whole body single gammairradiation with a dose of 1Gy led to reversible but significant damages to the rat's liver cell membrane structure and these damages might be the reason of radiationinduced liver morphological alterations. Also, electron microscopy revealed different binucleated hepatocytes in animals treated with β-carotene for two weeks and then exposed to γ-radiation. Guryev (2005) , suggested that a high number of binucleated hepatocytes could be produced as a result of the cell dividing damage (acytokinesis) that could lead to adaptive response to low-dose rate radiation. Similarly, Korolev et al. (1996) showed that an intake course of sulphate mineral water after total radiation (1 and 5 Gy) can prevent and minimize dystrophic and necrobiotic changes in the liver, stimulate intracellular regeneration and reduce pathological mitosis. Depletion in endogenous antioxidants mainly glutathione occur due to oxygen radicals generated by gamma-irradiation (Bhatia and Jain, 2004 ) and hence proteins located within membranes may become more susceptible to enzymatic degradation following oxidative damage (Grant et al., 1993) . It is possible to conclude that beta-carotene dissolved in corn oil could induce a protective role against radiation-induced liver lesions. This action could be attributed to its antioxidant effect.
RECOMMENDATIONS
• Avoiding gamma-radiation as much as possible.
• Using all the precaution means when dealing with gamma-radiation.
• Using beta-carotene in diet specially for people who works in the radiation field or under radiotherapy.
• Regular check up on people who expose to gamma-radiations in their work.
